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Abstract
Background: It has been suggested that physical activity is an important factor in the prevention and treatment of
cardiovascular diseases. Low serum paraoxononase–1 (PON1) activity is with an associated risk of atherosclerotic disease.
Objectives: In this study, we aimed to investigate serum PON1 activity and lipid hydroperoxide (LOOH) levels in adult
football players after three days football tournament.
Methods: Twenty-three adult male football players and 23 sedentary male subjects after three days football tournament were
enrolled. Serum paraoxonase, arylesterase activities and LOOH levels were determined.
Results: Serum paraoxonase and arylesterase activities were signiûcantly higher in football players than sedentary subjects
(all, p<0.05), while LOOH levels were significantly lower (p< 0.05). Serum LOOH levels were inversely correlated with
paraoxonase and arylesterase activities (r=-0.552, p<0.001; r=-0.812, p<0.001; respectively) in adult football players.
Conclusion:  Our data show, for the first time, that physical activity is associated with increased PON1 activity and decreased
oxidative stress after three days football tournament. In addition, physical activity for a healthy life is important in increasing
serum PON1 activity, and this may play a role in the prevention of  atherosclerosis.
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Introduction
Oxidative stress is defined as an increase in reactive
oxygen species (ROS) production resulting from a
deterioration of the balance between oxidants and
antioxidants in the body1. ROS may be generated as
observed during aerobic endurance stress. The major
source of ROS is thought to be the mitochondria
of active working muscles2. In this respect, the
balance between free radical generation and
antioxidant activity plays an important role in the
pathogenesis of coronary heart disease.
It is generally accepted that sedentary lifestyle
is related to an increased risk of coronary heart
disease. In contrast, regular physical activity has been
identified as a protective factor against the occurrence
and progression of coronary heart disease3. On the
other hand, it has been reported that acute exercise
is considered to be a major source of free radical
generation, oxidative stress, and lipid peroxidation4.
Paraoxonase–1 (PON1) is calcium-
dependent esterase in human serum that is synthesized
in the liver5. Serum PON1 catalyzes the hydrolysis
of many organophosphates and aromatic carboxylic
acid esters6. PON1 is one of the antioxidant enzymes
that are associated with high-density lipoprotein
(HDL) to prevent oxidative modification of low
density lipoprotein (LDL). Therefore, PON1 plays
an important role in the protection against
atherosclerosis by preventing oxidative modification
of  serum lipoproteins7 . Furthermore, previous
studies indicated that oxidative stress decreased
PON1 activity and down-regulated the serum
expression of PON18,9. Moreover, it has been
recently reported that PON1 activity can influence
several factors- such as diet, lifestyle, and
environmental factors10,11 . Moreover, Manresa et al.
12 described the association between PON
polymorphism, gender, and exercise. Furthermore,
it has been suggested that low serum PON1 activity
is significantly associated with an increased risk of
atherosclerotic disease13 .
The effects of physical exercise on PON
activity have been investigated in a clinical3 study.
Recently, several studies found that serum PON1
activity was increased in adolescent wrestlers14 and
adolescent athletes15.
To the best of  our knowledge, the serum
PON1 activity and lipid hyroperoxide levels in adult
football players have not yet been reported.
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Therefore, we investigated the serum PON1 activity
and lipid hydroperoxide (LOOH) levels as a marker




A group of 46 healthy male subjects, 23 adult football
players and 23 sedentary controls were included in
this study. 23 adult football players were selected
among Yuzuncu Yil University, Physical Education
and Sports students.
Adult football players were asymptomatic
with an unremarkable medical history and a normal
physical examination. None of the adult football
players had diabetes mellitus, hyperlipidemia,
hypertension, coronary artery disease, and psychiatric,
metabolic, hepatic or renal disease. Adult football
players were non-smokers. None of  the subjects
reported the use of anti-inflammatory drugs or a
regular antioxidant vitamin supplements including
vitamin E or C. None of the subjects was following
a special diet.
Control subjects were young men who had
a sedentary lifestyle and did not regularly participate
in physical activity. Control subjects underwent
routine physical and laboratory evaluations to ensure
that none had diabetes mellitus, hyperlipidemia,
hypertension, coronary artery disease, smoking, usage
of supplemental vitamins, psychiatric, metabolic,
hepatic or renal disease.
All subjects were informed about the study
and they gave their informed written consent prior
to the beginning of  the study. The protocol of  the
study was conducted in accordance with the Helsinki
Declaration as revised in 2000 and was approved
by the local ethics committe.
Blood samples
After three days football tournament, blood samples
were collected at overnight fasting period, between
08:00 h and 10:00 h from an antecubital vein. Blood
samples were collected into empty tubes and
immediately stored at 40C. The serum samples were
then separated from the cells by centrifugation at
3,000 rpm for 10 min. The serum samples were
stored in plastic tubes at -800C and used for the
analysis of  the PON1 activity and LOOH levels.
Measurement of  paraoxonase and arylesterase
activities
Paraoxonase and arylesterase activities were measured
using commercially available kits (Relassay, Gaziantep,
Turkey). PON1 activity was determined using two
different substrates.16 First, the rate of  hydrolysis of
paraoxon was measured by monitoring the increase
in absorbance at 412 nm and 25oC due to the
formation of  p-nitrophenol. PON1 activity assays
were carried out in the absence of basal activity and
the presence of NaCl (salt-stimulated activity). The
serum sample to be tested was added to a cuvette
containing 1.0 mmol paraoxon, 1.0 mmol CaCl
2
 and
50 mmol glycine/NaOH buffer at pH 10.5. The
amount of p-nitrophenol generated was calculated
from the molar extinction coefûcient at pH 10.5,
which was 18 290/mol per centimetre. PON1
activity was expressed as U/L and defined as 1 mmol
p-nitrophenol generated per minute under well-
established conditions. Second, the PON1 activity
was measured in an arylesterase assay using phenyl
acetate as substrate. In 10 mL of prediluted (1:3)
serum samples were added to 1.5 mL reaction
mixture containing 1.0 mmol phenylacetate, 9.0
mmol Tris–HCl buffer, and 0.9 mmol CaCl
2
 at pH
8.0 and 25oC Enzymatic activity was calculated from
the molar extinction coefûcient 1310/mol per
centimetre. Arylesterase activity is expressed as kU/
L and defined as 1 mmol phenol generated per
minute under the conditions.17 Blanks without
enzyme were used to correct for spontaneous
hydrolysis of  both substrates.
Measurement of lipid hydroperoxide levels
Serum LOOH levels were measured with ferrous
ion oxidation–xylenol orange assay. The principle of
the assay depends on the oxidation of ferrous ion
to ferric ion via various oxidants and the produced
ferric ion is measured with xylenol orange. LOOHs
are reduced by triphenyl phosphine (TPP),which is a
specific  reductant for lipids. The difference between
with and without TPP pretreatment gives LOOH
levels.18
Other parameters
The levels of triglyceride (TG), total cholesterol (TC),
HDL-cholesterol (HDL-C), and LDL-cholesterol
(LDL-C) were determined using commercially
available assay kits (Abbott®) with an autoanalyzer
(Aeroset®, Abbott®).
African Health Sciences Vol 13  Issue 3 September  2013 567
Table 1: Demographic characteristics of  the two groups in this study
Parameters                       Football players (n=23)     Controls (n=23)             p
Age (years)                           21±1                                 22±1                            ns
Body mass index (kg/m2)      21.5±0.3                            21.2±0.4                       ns
TG (mg/dl)                         87.32±36.11                      117.74±42.31                <0.05
TC (mg/dl)                         126.94±34.02                    168.55±36.82                 <0.05
HDL-C (mg/dl)                  52.16±12.24                      42.10±11.24                   <0.05
LDL-C (mg/dl)                   56.84±15.85                     103.80±17.88                  <0.05
Values are mean ± SD                     ns = non significant           TG: Triglyceride
TC: Total cholesterol                      HDL-C: High-density lipoprotein-cholesterol
LDL-C: Low-density lipoprotein-cholesterol
Statistical analysis
The results were expressed as the means and their
standard deviation (mean±SD). Nonparametric
continuous variables were compared by the Mann-
Whitney U-test. Parametric variables were compared
using Student’s test. Correlation analyses were
performed using Pearson’s correlation test. The
results were considered to be statistically significant
when p value was less than 0.05. The data were
analyzed using the SPSS® for Windows computing
program (Version 11,0).
Results
Demographic characteristics of groups are
presented in table 1. There were no significant
differences between the groups in terms of  age and
body mass index (p>0.05) (table 1).
Serum TG, TC and LDL-C levels were significantly
lower in adult football players compared to in
sedentary subjects (all, p<0.05), while the HDL-C
levels were significantly higher (p<0.05) (table 1).
Serum paraoxonase and arylesterase
activities were significantly higher in adult football
players than in sedentary subjects (all, p<0.05), while
LOOH levels were significantly lower (p<0.05) (table
2).
Serum LOOH levels were inversely correlated with
paraoxonase and arylesterase activities (r=-0.552,
p<0.001; r=-0.812, p<0.001; respectively) in adult
football players.
No correlation was observed between the lipids
parameters, and serum LOOH levels, paraoxonase
and arylesterase activities (all, p>0.05).
Table 2:  PON1 activity and oxidative stress levels of  the two groups
Parameters                       Football players  (n=23)     Controls (n=23)     p
Paraoxonase (U/L)            167.41±49.05                       127.93±27.70            p<0.05
Arylesterase(kU/L)            157.12±23.84                       130.03±36.71             p<0.05
LOOH(µmol/L)                5.33±1.35                              6.46±1.17               p<0.05
Values are mean ± SD                 LOOH: Lipid hydroperoxide
Discussion
In the present study, we measured serum PON1
activity and LOOH levels as a marker of oxidative
stress in adult football players after three days football
tournament. We observed that adult football players
had increased paraoxonase and arylesterase activity
along with decreased LOOH levels. In addition, we
found a negative correlation between paraoxonase,
arylesterase activity and LOOH in adult football
players. To the best of  our knowledge, this study is
the first to show that physical exercise is associated
with decreased LOOH along with increased PON1
activity.
ROS are physiological products of aerobic
metabolism. They contribute to the stimulation of
anti-oxidative processes19. It has been shown that
regular physical activity is an important factor in the
prevention and treatment of cardiovascular
diseases20. Regular physical exercise is a protective
factor against cardiovascular diseases and enhances
antioxidant systems, whereas acute exercise appears
to be a major source of increased oxidative stress20.
It has been reported that exercise training appears
to enhance antioxidant levels21 and reduce lipid
peroxidation levels4, improving serum oxidant status
in humans22 .
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The useful effect of exercise on health has
been well known for centuries. Regular exercise is
linked to reduced risk of  developing obesity,
hypertension, coronary artery disease and diabetes,
and helps prevent premature death23. It has been
shown that regular physical activity has beneficial
effects on lipoprotein metabolism, including a
decrease in plasma triglyceride levels and an increase
in HDL-cholesterol levels, which bears antioxidant
properties24. In the present study, we observed that
adult football players had decreased serum TG, TC
and LDL-C levels compared to in sedentary subjects,
while the HDL-C levels were significantly higher.
Paraoxonases are a new addition to the
antioxidant enzyme family. Several lines of  evidence
suggest that PON1 is responsible for the antioxidant
properties of HDL on LDL particle 25,26 . Reduced
PON1 activity has been reported in various diseases
such as diabetes mellitus27, atherosclerotic heart
disease28 and hypercholesterolemia29 and in patients
who are under increased oxidative stress30. PON1 is
also one of the antioxidants that act as an enzymatic
defense against lipid hydroperoxides31. In addition,
oxidative stress has been reported to affect the
expression and activity of PON18,9.
Several studies have investigated PON1
activity in many different conditions 3, 14, 15 . Tomas et
al3 assessed the effects of a single bout of exercise
on PON1 activity in humans. Hamurcu et al14
demonstrated higher serum PON1 activity in
wrestlers than sedentary. Cakmak et al15 found higher
serum PON1 activity athletic adolescents with regular
physical activity than in controls. On the other hand,
a previous study reported significantly increased
PON1 activity values in well-trained rugby players
compared with sedentary controls32 . In addition,
regular aerobic exercise in well-trained amateur
athletes has been associated with an increase in PON1
activity33 . To the best of  our knowledge, the serum
PON1 activity and lipid hyroperoxide levels in adult
football players have not yet been reported.
Although PON1 activity and concentration
are determined genetically, several factors such as
diet, lifestyle, and environmental factors, can influence
PON1 activity and/or concentration. Degraded
cooking oil has been reported to decrease serum
PON1 levels in humans34 .
The mechanism of  the observed increase in
serum PON1 activity in football players remains
unclear. This increase could be related to decrease
lipid peroxidation because oxidized lipids are
reported to inhibit PON1 activity. Furthermore,
PON1 is an HDLassociated enzyme, and PON1
activity is positively correlated with HDL-C levels35.
Indeed, in this study, adult football player’s subjects
had higher HDL-C levels than controls. However,
in contrast to a previous study36, there was no
correlation between PON1 activity and HDL-C.
Conclusion
Our data show, for the first time, that physical activity
is associated with increased PON1 activity and
decreased oxidative stress after three days football
tournament. These results indicate that physical
activity for a healthy life is important for increasing
serum PON1 activity and that this may play a role in
the prevention of  atherosclerosis. Further studies with
larger populations are needed to explore this
relationship.
Acknowledgments
The authors thank the staffs of Harran University
Clinical Biochemistry Department for their generous
and friendly assistance in every step of  this study.
References
1. Sies H. Oxidative stress: oxidants and
antioxidants. Exp Physiol 1997;82:292-295.
2. Ji LL. Antioxidants and oxidative stress in
exercise. Proc Soc Exp Biol Med 1999;222:283–
292.
3. Tomas M, Elosua R, Senti M, et al.
Paraoxonase1-192 polymorphism modulates the
effects of regular and acute exercise on
paraoxonase1 activity. J Lipid Res 2002;43:713-
720.
4. Clarkson PM. Antioxidants and physical
performance. Crit Rev Food Sci Nutr
1995;35:131–141.
5. Blatter MC, James RW, Messmer S, et al.
Identiûcation of a distinct human high-density
lipoprotein subspecies deûned by a lipoprotein-
associated protein, K-45. Identity of K-45 with
paraoxonase. Eur J Biochem 1993;211:871–279.
6. Kosaka T, Yamaguchi M, Motomura T, et al.
Investigation of the relationship between
atherosclerosis and paraoxonase or
homocysteine thiolactonase activity in patients
with type 2 diabetes mellitus using a
commercially available assay. Clin Chim Acta
2005;359:156–162.
7. Ng CJ, Shih DM, Hama SY, et al. The
paraoxonase gene family and atherosclerosis. Free
Radical Biol Med 2005;38:153–163.
African Health Sciences Vol 13  Issue 3 September  2013 569
8. Aviram M, Rosenblat M, Billecke S, et al. Human
serum paraoxonase (PON 1) is inactivated by
oxidized low density lipoprotein and preserved
by antioxidants. Free Radic Biol Med 1999;26:892-
904.
9. Kotur-Stevuljevic J, Spasic S, Jelic-Ivanovic Z,
et al.  PON1 status is influenced by oxidative
stress and inflammation in coronary heart disease
patients. Clin Biochem 2008;41:1067-1073.
10. Brites FD, Verona J, Schreier LE, et al.
Paraoxonase 1 and platelet-activating factor
acetyylhydrolase activities in patients with low
HDL-cholesterol levels with or without primary
hypertriglyceridemia. Arch Med Res 2004;35:235–
240.
11. Ferré N, Camps J, Fernández-Ballart J, et al.
Regulation of serum paraoxonase activity by
genetic, nutritional, and lifestyle factors in the
general population. Clin Chem 2003;49;1491–
1497.
12. Manresa JM, Tomas M, Ribes E, et al.
Paraoxonase 1 gene 192 polymorphism, physical
activity and lipoprotein in women. Med Clin (Barc)
2004;122:126-129.
13. Mackness M, Durrington P, Mackness B.
Paraoxonase 1 activity, concentration and
genotype in cardiovascular disease. Curr Opin
Lipidol 2004;15:399–404.
14.  Hamurcu Z, Saritas N, Baskol G, et al. Effect
of wrestling exercise on oxidative DNA
damage, nitric oxide level and paraoxonase
activity in adolescent boys. Pediatr Exerc Sci
2010;22(1):60-68.
15. Cakmak A, Zeyrek D, Atas A, et al. Paraoxonase
activity in athletic adolescents. Pediatr Exerc Sci
2010;22:93-104.
16. Eckerson HW, Wyte MC, La Du BN. The
human serum paraoxonase/arylesterase
polymorphism. Am J Hum Genet 1983;35:1126–
1138.
17. Haagen L, Brock A. A new automated method
for phenotyping arylesterase (E.C. 3.1.1.2) based
upon inhibition of enzymatic hydrolysis of 4-
nitrophenyl acetate by phenyl acetate. Eur J Clin
Chem Clim Biochem 1992;30:391–395.
18. Nourooz Zadeh J. Ferrous ion oxidation in
presence of xylenol orange for detection of lipid
hydroperoxides in plasma. Methods Enzymol
1999;300:58–62.
19. Pani G, Colavitti R, Bedogni B, et al. A redox
signaling mechanism for density-dependent
inhibition of cell growth. J Biol Chem
2000;275:38891–38899.
20. Hambrecht R, Wolf  A, Gielen S, et al. Effect of
exercise on coronary endothelial function in
patients with coronary artery disease. N Engl J
Med 2000;342:454-460.
21. Sen CK. Oxidants and antioxidants in exercise.
J Appl Physiol 1995;79:675–686.
22. Brites FD, Evelson PA, Christiansen MG, et al.
Soccer players under regular training show
oxidative stress but an improved plasma
antioxidant status. Clin Sci (Colch) 1999; 96:381–
385.
23. Nasca MM, Zhang R, Super DM, et al. Increased
oxidative stress in healthy children following an
exercise program: a pilot study. J Dev Behav Pediatr
2010;31:386-392.
24. Leaf  DA. The effect of  physical exercise on
reverse cholesterol transport. Metabolism 2003;52:
950–957.
25. Mackness MI, Arrol S, Durrington PN.
Paraoxonase prevents accumulation of
lipoperoxides in low- density lipoprotein. FEBS
Lett 1991;4;292(1–2):307.
26. Mackness MI, Arrol S, Abbott C, et al. Protection
of low-density lipoprotein against oxidative
modification by high- density lipoprotein
associated paraoxonase. Atherosclerosis
1993;104:129–135.
27. Mackness B, Mackness MI, Arrol S, et al. Serum
paraoxonase (PON1) 55 and 192 polymorphism
and paraoxonase activity and concentration in
non-insulin dependent diabetes mellitus.
Atherosclerosis 1998;139:341–349.
28. Quemeneur T, Martin-Nizard F, Kandoussi A,
et al. PON1, a new biomarker of cardiovascular
disease, is low in patients with systemic vasculitis.
Semin Arthritis Rheum 2007; 37:149–155.
29. Mackness MI, Harty D, Bhatnagar D, et al.
Serum paraoxonase activity in familial
hypercholesterolaemia and insulin-dependent
diabetes mellitus. Atherosclerosis 1991;86:193-199.
30. Roberts CK, Sindhu KK. Oxidative stress and
metabolic syndrome. Life Sci 2009;84:705–712.
31. La Du BN, Aviram M, Billecke S, et al. On the
physiological role (s) of  the paraoxonases. Chem
Biol Interact 1999;119–120:379–388.
32. Evelson P, Gambino G, Travacio M, et al. Higher
antioxidant defences in plasma and low density
lipoproteins from rugby players. Eur J Clin
Invest 2002;32(11):818-825.
African Health Sciences Vol 13  Issue 3 September  2013570
33. Brites F, Zago V, Verona J, et al. HDL capacity
to inhibit LDL oxidation in well-trained
triathletes. Life Sci 2006;78:3074-3081.
34. Sutherland WHF, Walker RJ, de Jong SA, et al.
Reduced postprandial serum paraoxonase
activity after meal rich in used cooking fat.
Arterioscler Thromb Vasc Biol 1999;19:1340–1347.
35. Aslan M, Nazligul Y, Horoz M, et al. Serum
paraoxonase-1 activity in Helicobacter pylori
infected subjects. Atherosclerosis 2008;196:270-274.
36. Mackness B, Durington P, McElduff  P, et al. Low
paraoxonase activity predicts coronary events in
the caterphilly prospective study. Circulation
2003;107:2775–2779.
